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I. 


INTRODUCTION 


Some  of  the  emission  lines  of  the  CO  laser  are  predicted  to  have  high 

atmospheric  transmittance.  1 The  use  of  an  intracavity  water  vapor 

cell  to  permit  laser  action  only  on  these  spectral  lines  has  been  experi- 

7 8 

mentally  demonstrated.  ’ In  order  to  optimize  this  approach  the  mono- 
chromatic absorptive  losses  introduced  by  such  an  intracavity  vapor  cell 

were  measured  as  a function  of  water  vapor  density  and  additive  broadening 

2 9-11 

gases  for  20  CO  laser  lines.  ’ 


The  objective  of  the  investigation  reported  here  was  to  verify  the  water 
vapor  cell  spectral  line  selection  technique  with  a low  pressure-longitudinal 
discharge  carbon  monoxide  laser  operating  either  cw  or  Q-switched.  An 
additional  objective  was  the  demonstration  of  the  line  selection  technique 
with  an  electron  beam  stabilized  pulsed  CO  laser.  The  results  show  that: 
the  use  of  an  intracavity  water  vapor  cell  is  a viable  technique  for  con- 
trolling the  rotational  spectral  lines  emitted  from  a carbon  monoxide  laser. 

II.  EXPERIMENT 

A . Low  Pressure  Longitudinal  Discharge  Device 

The  basic  experimental  configuration  for  spectral  line  selection  of  a low 

pressure  longitudinal  discharge  CO  laser  is  illustrated  in  Fig.  1.  The 

low  pressure  CO  gain  medium  utilized  a 1 6 0 cm  axial  discharge,  liquid 

nitrogen-cooled,  double  wall  Pyrex  tube  with  calcium  fluoride  Brewster 
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windows.  The  construction  of  the  vapor  cell  was  detailed  previously.  ’ 

For  these  experiments  the  cell  temperature  was  maintained  at  150°C 
while  the  water  vapor  content  was  varied  from  0 to  700  Torr.  No  additive 
broadening  gases  were  used  during  this  set  of  experiments.  As  discussed 
in  References  2 and  11,  increasing  the  water  vapor  content  is  more  effective 
because  of  the  increase  in  the  effective  absorber  thickness  as  well  as  the 
self-broadening  effect.  The  consequences  of  addition  nitrogen  or  carbon 
dioxide  on  the  absorption  losses  of  the  individual  CO  laser  lines  were 
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Fig.  1.  Spectral  Line  Selection  Configuration  for  Low  Pressure 
Longitudinal  Discharge  CO  Laser. 
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discussed  in  these  references.  As  seen  in  Fig.  1 the  output  of  the  laser 
is  focused  into  a 1.  0 m,  f/8. 7 Czerney  Turner  mounting  spectrometer 
(Jarrell-Ash  Model  No.  78-466).  The  mirror  system  for  collecting  and 
focusing  the  output  beam  had  the  same  f-number  as  the  spectrometer.  A 
liquid  nitrogen  cooled  In:Sb  detector  (Cryogenics  Associates)  was  used  at 
the  output  of  the  spectrometer.  The  output  of  the  detector  was  processed 
using  a boxcar  integrator  (PAR  Model  1 6 0)  and  the  spectra  were  recorded 
using  a strip  chart  recorder  (Hewlett  Packard  7101B).  For  signal  processing 
purposes,  the  output  for  the  cw  configuration  was  modulated  with  a mechanical 
chopper. 

The  effect  of  the  line  selection  technique  on  both  Q-switched  and  cw  operation 
was  investigated.  The  output  spectrum  of  the  Q-switched  oscillator  with  no 
water  vapor  in  the  cell  is  shown  in  Fig.  2;  the  intensities  of  the  spectral  lines 
are  relative  to  each  other.  Note  that  in  order  to  generate  the  low  vibrational 
band  lines,  the  partial  pressure  of  CO  required  is  very  low.  In  addition,  the 
discharge  current  is  low  compared  to  normal  10  mA  operating  conditions. 

The  low  vibrational  bands  (6-5  and  below)  are  desired  because  of  the  high 
atmospheric  transmittance  predicted  for  some  of  their  rotational  lines. 

The  rotational  cross  relaxation  of  the  medium  is  slow  relative  to  the  Q-switched 
pulsed  width  (-3  psec)  because  of  the  low  operating  pressure;  this  fact,  as 
well  as  the  increased  gain  per  line  with  Q-switched  operation  explains  why 
more  than  just  one  or  two  rotational  lines  oscillate  in  a particular  vibrational 
band. 

Fig.  3 illustrates  the  effect  of  400  Torr  of  water  vapor  on  the  spectral 
output  of  the  Q-switched  laser.  Only  the  net  gain  of  the  device  can  be 
changed  by  the  water  vapor  since  only  loss  is  being  added.  The  peak  of  the 
gain  profile  for  the  vibrational  bands  is  seen  to  shift  towards  the  lower  bands 
since  less  loss  is  being  added  to  these  bands.  Even  the  slight  additional  loss 
for  the  3-2  band  is  too  mucli  to  sustain  oscillation  on  these  lines.  The  effect 
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of  the  absorption  loss  on  the  other  bands  is  dramatic;  many  of  the 
rotational  lines  have  been  eliminated,  demonstrating  that  different  losses 
have  been  added  for  each  line.  Fig.  4 shows  the  results  with  700  Torr  of 
water  vapor,  where  oscillation  has  been  limited  to  only  the  rotational  lines 
with  lowest  loss  in  each  band.  These  lines  also  have  the  highest  predicted 
atmospheric  transmittance  for  each  band.  For  example,  in  Fig.  2 it  is 
observed  that  with  no  water  vapor  in  the  cell  the  6-5  vibrational  band  lines 
present  were  P(7)  to  P(ll).  These  lines  have  predicted  atmospheric  attenua- 
tion e-folding  distances  for  the  Midlatitude  Winter  Model  at  sea  level  of 
8.77,  6.67,  13.51,  14.49  and  1.75  km  respectively.^  From  Fig.  4, 
representing  700  Torr  of  water  vapor  in  the  cell,  only  the  13.  51  km  and 
14.49  km  lines  remain,  i.  e.  6-5  P(9)  and  P(10).  These  results  are  very 
encouraging  considering  the  slow  rotational  cross  relaxation  and  high  gain 
Q-switching  effects. 

Fig.  5 illustrates  the  spectral  output  for  cw  operation  of  the  laser.  The 
gain  is  not  sufficient  to  provide  for  oscillation  of  the  3-2  lines  in  the  con- 
figuration of  this  experiment.  Rotational  cross  relaxation  processes  are 
a function  of  the  pressure  of  the  laser  and  for  the  low  operating  pressures 
of  this  device  the  rotational  cross  relaxational  times  are  slow.  Therefore 
even  though  equilibration  of  the  kinetic  processes  can  occur  because  of  the 
continuous  nature  of  the  oscillation,  more  than  one  rotational  line  is 
evident  for  several  of  the  vibrational  bands.  The  percentage  value  shown  above 
each  line  gives  its  fraction  of  the  total  output  power.  These  numbers  are 
obtained  utilizing  the  integrated  output  function  of  the  chart  recorder.  The 

parenthetical  value  above  each  line  is  its  predicted  atmospheric  attentuation 

2 

e-folding  distance  for  the  Midlatitude  Winter  Model  at  sea  lev  el.  Fig.  6 

shows  the  output  spectra  resulting  from  the  addition  of  the  water  vapor  cell 
containing  400  Torr  of  water.  Oscillation  is  tending  to  shift  from  the 
rotational  lines  of  Fig.  5 to  those  lines  having  the  highest  atmospheric 
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transmittance.  The  tendency  is  also  towards  one  rotational  line  per 
vibrational  band.  Fig.  7 shows  the.  output  spectra  with  700  Torr  of  water 
vapor.  Only  one  rotational  line  is  oscillating  in  each  vibrational  band. 

Note  that  63%  of  the  output  power  is  contained  in  the  high  atmospheric 
transmittance  lines  of  the  6-5  band  and  lower.  Net  only  has  the  water 
vapor  initiated  rotational  line  selection,  it  has  also  provided  for  vibrational 
line  selection  by  prohibiting  oscillation  on  the  high  vibrational  bands.  The 
output  power  dropped  from  350  mW  without  water  vapor  in  the  cell  to  150  mW 
with  700  Torr  of  water  vapor.  If  the  gain  of  the  laser  could  be  peaked  in  the 
lower  vibrational  bands,  the  efficiency  using  line  selection  would  be  greatly 
improved. 

B . High  Pressure  E-Beam  Device 

The  configuration  for  experimental  spectral  line  selection  of  an  electron 
beam  stabilized  pulsed  CO  laser  is  shown  in  Fig.  8.  The  water  vapor  cell 
used  was  the  same  device  as  discussed  in  Section  IIA.  Since  the  cell  has  a 
clear  aperture  of  2.  5 cm  and  the  laser  has  a clear  aperture  of  4.  8 cm,  only 
a small  section  of  the  active  medium  could  be  utilized  due  to  vignetting.  The 
output  energy  was  focused  into  the  spectrometer  (Optical  Engineering  CO 
Spectrum  Analyzer).  The  fluorescent  screen  of  the  spectrometer  and 
resulting  spectra  of  the  laser  pulse  was  recorded  photographically. 

The  results  of  these  experiments  are  shown  in  Fig.  9.  The  vertical  lines 
illustrate  only  spectral  location  and  not  intensity.  The  value  next  to  each 
line  represents  the  predicted  atmospheric  e-folding  distance.  The  pertinent 
parameters  of  the  laser  are  listed  in  the  figure.  The  output  consists  of  a 
single  pulse  with  a temporal  width  of  approximately  100  psec.  The  spectral 
results  for  700  Torr  of  water  vapor  are  illustrated  in  the  bottom  figure. 

Only  one  rotational  line  is  present  for  each  vibrational  band.  These  lines 


Fig.  7.  Output  Spectra  of  Low  Pressure  Longitudinal  Discharge  cw  CO  Laser. 
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Spectral  Line  Selection  Configuration  for  E-Beam  CO  Laser. 
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have  higher  predicted  atmospheric  transmittance  than  the  lines  with  no 
line  selection.  For  example,  with  no  water  vapor  in  the  cell  none  o* 
the  lines  oscillating  in  the  6-5  band  have  predicted  high  atmospheric  trans- 
mittance, yet  with  700  Torr  of  water  vapor  the  only  line  present  in  the 
V-band  has  a predicted  e-folding  distance  of  13.51  km.  In  addition  to  the 
rotational  line  selection  a certain  amount  of  vibrational  line  selection  has 
occurred  as  evidenced  by  elimination  of  the  9-8  transitions. 

The  configuration  of  this  particular  E-beam  laser  does  not  have  the 

optimum  cross  sectional  aspect  ratio  to  provide  the  required  electrical 

pumping  to  limit  oscillation  to  only  the  lower  vibrational  bands.  Kinetic 

modeling  investigations  predict  that  as  the  level  of  electrical  pumping  is 

increased  relative  to  pumping,  the  output  spectrum  shifts  toward  the 

12  13 

lower  vibrational  bands.  ’ As  discussed  previously,  these  low  vibrational 
bands  contain  the  rotational  lines  having  the  highest  predicted  atmospheric 
transmission.  With  the  proper  pumping  configuration,  the  efficiency  of  the 
laser  is  predicted  to  be  affected  minimally  by  the  line  selection  device. 

III.  SUMMARY 

The  results  of  this  investigation  indicate  that  a intracavity  water  vapor  cell 
can  be  used  for  spectral  line  selection  of  the  rotational  transitions  of  carbon 
monoxide  lasers.  The  technique  was  verified  for  low  pressure  longitudinal 
discharge  lasers  operating  in  the  cw  or  repetitively  Q-switched  modes.  In 
addition  the  technique  was  demonstrated  with  an  electron  beam  stabilized 
pulsed  CO  laser.  With  the  appropriate  water  vapor  content  in  the  cell, 
laser  action  tends  to  be  limited  to  only  the  rotational  transition  in  a particular 
vibration  band  corresponding  to  a wavelength  predicted  to  have  high  atmos- 
pheric transmittance. 
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As  anticipated,  the  use  of  the  water  vapor  cell  to  perform  vibrational 
band  selection  adversely  affects  the  normal  high  efficiency  of  the  CO 
laser.  If  the  operating  parameters  of  the  laser  were  adjusted  so  as  to 
provide  gain  for  only  the  lower  vibrational  bands  (6-5  — 1-0),  the  water 
vapor  cell  technique  would  provide  for  rotational  line  selection  without 
seriously  degrading  the  overall  laser  efficiency.  This  should  be 
especially  true  for  the  e-beam  devices  where  the  operating  pressure 
is  such  that  the  rotational  cross-relaxation  time  is  sufficiently  fast  to 
allow  extraction  of  essentially  all  of  the  stored  vibrational  energy  on  a 
single  rotational  line  per  V-band.  Therefore,  efficient  laser  action  will 
result  on  only  those  spectral  lines  having  high  atmospheric  transmittance. 

The  author  expresses  his  appreciation  to  C.  F.  Zahnow  for  his  invaluable 
technical  assistance. 

This  research  was  supported  in  part  by  the  Advanced  Research  Projects 
Agency  of  the  Department  of  Defense  and  was  monitored  by  the  Office  of 
Naval  Research  under  Contract  N00014-72-C-0043. 


15 


REFERENC ES 


1. 

R. 

K. 

2. 

D. 

K. 

3. 

R. 

K. 

4. 

R. 

K. 

5. 

R. 

A. 

6. 

E. 

H. 

7. 

M. 

L. 

8. 

M. 

L. 

9. 

D. 

K. 

10. 

D. 

K. 

11. 

D. 

K. 

12. 

w. 

B. 

13. 

W. 

B. 

Long  and  F.  S.  Mills,  RADC-TR-74-95  (1974). 

Rice,  AD  749-823  (1972). 

Long,  AD  745-585  (1972). 

Long,  AD  736-037  (1971  ). 

McClatchey,  AD  729-447  (1  971 ). 

Newman  and  G.  L.  Trusty,  AD  887-433L  (1971). 

Bhaumik,  AD  734-41  7 (1  971 ). 

Bhaumik,  Appl.  P'nys.  Lett.  2_0_,  342  (1972). 

Rice,  AD  746-170  (1972). 

Rice,  J.  Opt.  Soc.  Am.  62,  1381A  (1972). 

Rice,  Appl.  Opt.  1_2,  21  8 (1  973). 

Lacina  and  M.  M.  Mann,  Appl.  Phys.  Lett.,  2_1_,  224  (1972), 
Lacina,  M.  M.  Mann,  and  G.  L.  McAllister,  QE-9,  588  (1973). 


16 


